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(54) QUANTITATIVE ANALYZING METHOD AND QUANTITATIVE ANALYZER USING SENSOR 



(57) A quantitative analyzing method is provided for applying a voltage across the first electrode (22) and the 
electrochemically measuring the concentration of a sub- second electrode (23) for measuring current flowing be- 
stance in a sample liquid using a sensor including a re- tween the first and the second electrodes (22,23), a pa- 
agent layer (30) which contains a reagent for reacting rameter calculating step for calculating a parameter 
with the substance and to which (30) the sample liquid based on the measured current, and a determining step 
is introduced, and a first electrode (22) and a second for determining a state of the sample liquid introduced 
electrode (23) for applying a voltage to the reagent layer to the reagent layer (30) based on the parameter and at 
(30). The method includes a current measuring step for least one predetermined constant. 
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Description 
TECHNICAL FIELD 

[0001] The present invention relates to a quantitative 
analyzing method and a quantitative analyzer for elec- 
trochemically measuring the concentration of a sub- 
stance contained in a sample liquid using a sensor. 

BACKGROUND ART 

[0002] As one means of determining the quantity of a 
substance contained in a sample liquid, electrochemi- 
cally measuring the concentration of the substance in 
the sample liquid using a sensor is known. As the sen- 
sor, a sensor of a capillary type is widely used which is 
so designed that the sample liquid is introduced to a re- 
agent layer by capillary action. Generally, such a capil- 
lary sensor includes a capillary having an inlet port. The 
capillary includes a pair of electrodes and a reagent lay- 
er laminated thereon. The reagent layer contains vari- 
ous reagents necessary for a certain reaction system 
such as a redox chemical substance or oxidoreductase 
depending on the substance to be measured, i.e. the 
object of the determination. 

[0003] In determining the quantity of the substance 
contained in the sample liquid using such a sensor, the 
sensor is set to a quantitative analyzer and the sample 
liquid is supplied to the inlet port of the capillary of the 
sensor. At that time, the paired electrodes of the sensor 
are electrically connected to the voltage application 
means incorporated in the quantitative analyzer. The 
sample liquid travels within the capillary by capillary ac- 
tion to reach the reagent layer and dissolves the reagent 
such as a redox agent contained in the reagent layer. 
Part of the reagent reacts specifically with the substance 
in the sample liquid. Thereafter, when the quantitative 
analyzer applies a predetermined voltage to the reagent 
layer, a current corresponding to the concentration of 
the substance flows between the paired electrodes. The 
quantitative analyzer measures the current. The con- 
centration of the substance is determined based on the 
measured current and a calibration curve or a calibra- 
tion-equation prepared in advance. 
[0004] For example, for measuring the glucose con- 
centration in blood, use is made of a biosensor provided 
with a reagent layer containing glucose oxidase and po- 
tassium ferricyanide. When the blood is introduced to 
the reagent layer, glucose oxidase oxidizes glucose to 
gain an electron, whereas potassium ferricyanide re- 
ceives the electron from glucose oxidase to be reduced 
to potassium ferrocyanide. Thus, when a predetermined 
voltage is applied across the paired electrodes, a cur- 
rent corresponding to the concentration of potassium 
ferrocyanide flows between the electrodes. Since the 
potassium ferrocyanide concentration corresponds to 
the glucose concentration in the blood, the glucose con- 
centration in blood is determined by measuring the cur- 



rent. 

[0005] As a prior art quantitative analyzer for electro- 
chemically measuring the concentration of a substance 
in a sample liquid using a sensor, an automatic quanti- 

5 tative analyzer is known which uses a disposable sensor 
and utilizes a potential step method. Generally, such an 
automatic quantitative analyzer is designed to automat- 
ically start the measurement operation when a sample 
liquid is introduced to the reagent layer. Specifically, 

10 when a sensor is set to the quantitative analyzer, a pre- 
determined voltage is applied to a pair of electrodes of 
the sensor, as shown in Fig. 10. When the sample liquid 
is introduced to the inlet port of the capillary, the sample 
liquid is guided to the reagent layer by capillary action, 

15 thereby changing the current flowing between the elec- 
trodes. Based on the change in the current, the quanti- 
tative analyzer detects the introduction of the sample liq- 
uid to the reagent layer and intermits the application of 
voltage across the electrodes (time After the lapse 

20 of a predetermined period, the automatic quantitative 
analyzer restarts the application of voltage across the 
electrodes (time t 2 ) and measures the current flowing 
between the electrodes. Subsequently, the automatic 
quantitative analyzer determines the concentration of 

25 the substance based on the measurements and a table 
prepared based on a calibration curve or a calibration 
equation, for example. 

[0006] However, in such a prior art quantitative ana- 
lyzer, the current flowing between the paired electrodes 

30 is utilized only for determining whether or not the sample 
liquid is introduced to the reagent layer, and the meas- 
urement is started without considering the amount of the 
sample liquid introduced to the reagent layer. Therefore, 
in the prior art automatic quantitative analyzer, the con- 

35 centration of the substance may be determined errone- 
ously due to the insufficiency in the amount of the sam- 
ple liquid. 

[0007] For example, in the case where the sample liq- 
uid is blood, even when a suitable amount of blood is 

40 supplied to the sensor, the amount of blood reaching the 
reagent layer by capillary action may be insufficient due 
to the high hematocrit or viscosity. When the amount of 
blood introduced to the sensor is insufficient, the amount 
of blood reaching the reagent layer is accordingly insuf- 

45 ficient even if the hematocrit or viscosity is not so high. 
In such cases, the prior art automatic quantitative ana- 
lyzer produces measurement results including an unac- 
ceptable level of error in the measuring of the glucose 
concentration in the blood. 

50 [0008] JP-A-8-502589 discloses a method and an ap- 
paratus for determining whether or not the amount of a 
sample liquid supplied to a test cell is sufficient by setting 
two threshold values with respect to a current flowing 
through a reaction region in the test cell. In this prior art, 

55 the first threshold value is set in advance for detecting 
the introduction of the sample liquid to the reaction re- 
gion, whereas the second threshold value, which is 
greater than the first one, is set in advance for determin- 
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ing whether or not the amount of the sample liquid is 
sufficient for continuing the measurement. 
[0009] JP-A-8-502589 further discloses a method and 
an apparatus for determining, with respect to a current 
flowing through the reaction region depending on the 
concentration of the substance to be measured, wheth- 
er or not a measured current value follows the cottrell 
equation. This prior art method calculates the ratio of 
the sum of current values at a plurality of points of time 
after starting the measurement to one of the current val- 
ues. 

[0010] Similarly, JP-A-5-502727 discloses a method 
for determining, with respect to a current flowing through 
the reaction region depending on the concentration of 
the substance to be measured, whether or not a meas- 
ured current value follows the cottrell equation. This pri- 
or art method calculates the ratio between current val- 
ues at two different points of time after starting the meas- 
urement. 

[001 1] The present invention is conceived under such 
circumstances, and an object of the invention is to pro- 
vide a quantitative analyzing method and a quantitative 
analyzer capable of determining the state of a sample 
liquid, particularly the sufficiency or insufficiency of the 
amount of the sample liquid introduced to a reagent lay- 
er of a sensor based on a measured current which de- 
pends on the concentration of the substance to be 
measured even when the current does not follow the 
cottrell equation. 

DISCLOSURE OF THE INVENTION 

[0012] According to a first aspect of the present inven- 
tion, there is provided a quantitative analyzing method 
for electrochemically measuring concentration of a sub- 
stance in a sample liquid using a sensor including a re- 
agent layer which contains a reagent for reacting with 
the substance and to which the sample liquid is intro- 
duced, and a first and a second electrodes for applying 
a voltage to the reagent layer. The method includes a 
current measuring step for applying a voltage across the 
first electrode and the second electrode for measuring 
current flowing between the first electrode and the sec- 
ond electrode, a parameter calculating step for calculat- 
ing a parameter based on the measured current, and a 
determining step for determining a state of the sample 
liquid introduced to the reagent layer based on the pa- 
rameter and at least one predetermined constant. 
[0013] According to a second aspect of the present 
invention, there is provided a quantitative analyzing 
method for electrochemically measuring concentration 
of a substance in a sample liquid using a sensor includ- 
ing a reagent layer which contains a reagent for reacting 
with the substance and to which the sample liquid is in- 
troduced, and a first and a second electrodes for apply- 
ing a voltage to the reagent layer. The method includes 
a current measuring step for applying a voltage across 
the first electrode and the second electrode for measur- 



ing current flowing between the first electrode and the 
second electrode, a parameter calculating step for cal- 
culating a parameter based on the measured current, 
and a determining step for determining whether or not 
5 the sample liquid introduced to the reagent layer is in- 
sufficient in amount based on the parameter and at least 
one predetermined constant. 

[0014] Preferably, the parameter includes a current 
value of the current flowing between the first electrode 

10 and the second electrode at a predetermined point of 
time. Preferably, the parameter includes a difference be- 
tween a first current value at a first predetermined point 
of time and a second current value at a second prede- 
termined point of time of the current flowing between the 

15 first electrode and the second electrode. Preferably, the 
parameter includes a differentiation of the current flow- 
ing between the first electrode and the second electrode 
at a predetermined point of time. Preferably, the param- 
eter includes a third difference between a first value and 

20 a second value with respect to the current flowing be- 
tween the first electrode and the second electrode, the 
first value being obtained by dividing a current value at 
a third predetermined point of time by a first difference 
between a current value at a first predetermined point 

25 of time and a current value at a second predetermined 
point of time, the third point of time being included in a 
period between the first point of time and the second 
point of time, the second value being obtained by divid- 
ing a current value at a sixth predetermined point of time 

30 by a second difference between a current value at a 
fourth predetermined point of time and a current value 
at a fifth predetermined point of time, the sixth point of 
time being included in a period between the fourth point 
of time and the fifth point of time. 

35 [0015] Preferably, a series of process steps including 
the current measuring step, the parameter calculating 
step and the determining step is repeated a plurality of 
times, and the sample liquid introduced to the reagent 
layer is finally determined to be insufficient in amount 

40 when the sample liquid is determined to be insufficient 
in every determining step. 

[0016] Preferably, the current measuring step is con- 
tinued for a first period from before to after a point of 
time when the introduction of the sample liquid to the 

45 reagent layer is detected based on the current flowing 
between the first electrode and the second electrode, 
and at least a part of the parameter is calculated based 
on the current measured in the first period. 
[0017] Preferably, the series of process steps indud- 

50 ing the current measuring step, the parameter calculat- 
ing step and the determining step is repeated a prede- 
termined number of times after the sample, liquid is in- 
troduced to the reagent layer and before and/or after a 
second period during which current is not substantially 

55 caused to flow between the first electrode and the sec- 
ond electrode. 

[0018] Preferably, at least part of said at least one 
constant is varied depending on a temperature of the 
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sample liquid. 

[0019] According to a third aspect of the present in- 
vention, there is provided a quantitative analyzer for 
electrochemically measuring concentration of a sub- 
stance in a sample liquid using a sensor including a re- 5 
agent layer which contains a reagent for reacting with 
the substance and to which the sample liquid is intro- 
duced, and a first and a second electrodes for applying 
a voltage to the reagent layer. The analyzer comprises 
voltage applying means for applying a voltage across 
the first electrode and the second electrode, current 
measuring means for measuring current flowing be- 
tween the first electrode and the second electrode, cal- 
culating means for calculating a parameter based on the 
measurement obtained by the current measuring 
means, and determining means for determining a state 
of the sample liquid introduced to the reagent layer 
based on the parameter obtained by the calculating 
means and at least one predetermined constant. 
[0020] According to a fourth aspect of the present in- 
vention, there is provided a quantitative analyzer for 
electrochemically measuring concentration of a sub- 
stance in a sample liquid using a sensor including a re- 
agent layer which contains a reagent for reacting with 
the substance and to which the sample liquid is intro- 
duced, and a first and a second electrodes for applying 
a voltage to the reagent layer. The analyzer comprises 
voltage applying means for applying a voltage across 
the first electrode and the second electrode, current 
measuring means for measuring current flowing be- 
tween the first electrode and the second electrode, cal- 
culating means for calculating a parameter based on the 
measurement obtained by the current measuring 
means, and determining means for determining whether 
or not the sample liquid introduced to the reagent layer 
is insufficient in amount based on the parameter calcu- 
lated by the calculating means and at least one prede- 
termined constant. 

[0021] Preferably, the calculating means calculates a 
current value of the current flowing between the first 
electrode and the second electrode at a predetermined 
point of time as at least a part of the parameter. Prefer- 
ably, the calculating means calculates a difference be- 
tween a current value at a first predetermined point of 
time and a current value at a second predetermined 
point of time of the current flowing between the first elec- 
trode and the second electrode as at least a part of the 
parameter. Preferably, the calculating means calculates 
a differentiation of the current flowing between the first 
electrode and the second electrode at a predetermined 
point of time as at least a part of the parameter. Prefer- 
ably, the calculating means calculates, as at least apart 
of the parameter, a third difference between a first value 
and a second value with respect to the current flowing 
between the first electrode and the second electrode, 
the first value being obtained by dividing a current value 
at a third predetermined point of time by a first difference 
between a current value at a first predetermined point 



of time and a current value at a second predetermined 
point of time, the third point of time being included in a 
period between the first point of time and the second 
point of time, the second value being obtained by divid- 
ing a current value at a sixth predetermined point of time 
by a second difference between a current value at a 
fourth predetermined point of time and a current value 
at a fifth predetermined point of time, the sixth point of 
time being included in a period between the fourth point 
of time and the fifth point of time. 
[0022] Preferably, a combination of operations per- 
formed by the current measuring means, the calculating 
means and the determining means is performed a plu- 
rality of times, and the sample liquid introduced to the 
reagent layer is finally determined to be insufficient in 
amount when the determining means determines that 
the sample liquid is insufficient at every repetition of the 
combined operations. 

[0023] Preferably, the current measuring means op- 
erates for a first period from before to after a point of 
time when the introduction of the sample liquid to the 
reagent layer is detected based on the current flowing 
between the first electrode and the second electrode, 
and the calculating means calculates at least a part of 
the parameter based on the current measured in the first 
period. 

[0024] Preferably, a combination of operations per- 
formed by the current measuring means, the calculating 
means and the determining means is repeated an op- 
tional number of times after the sample liquid is intro- 
duced to the reagent layer and before and/or after a sec- 
ond period during which current is not substantially 
caused to flow between the first electrode and the sec- 
ond electrode. 

[0025] Preferably, the determining means varies at 
least part of said at least one constant depending on a 
temperature of the sample liquid. 
[0026] According to a fifth aspect of the present inven- 
tion, there is provided a quantitative analyzing method 
for electrochemically measuring concentration of a sub- 
stance in a sample liquid using a sensor including a re- 
agent layer which contains a reagent for reacting with 
the substance and to which the sample liquid is intro- 
duced, and a first and a second electrodes for applying 
a voltage to the reagent layer. The method includes a 
first current measuring step for applying a voltage 
across the first electrode and the. second electrode for 
a first period for measuring current flowing between the 
first electrode and the second electrode, a sample liquid 
introducing step for introducing the sample liquid to the 
reagent layer within the first period, a first parameter cal- 
culating step for calculating a parameter based on the 
current measured in the first current measuring step, a 
first determining step for determining whether or not the 
sample liquid introduced to the reagent layer is insuffi- 
cient in amount based on the parameter obtained in the 
first parameter calculating step and at least one first con- 
stant determined in advance, a reaction promoting step 
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for substantially intermitting voltage application across 
the first electrode and the second electrode for a second 
period, a second current measuring step for applying a 
voltage across the first electrode and the second elec- 
trode for a third period for measuring current flowing be- 
tween the first electrode and the second electrode, a 
second parameter calculating step for calculating a pa- 
rameter based on the current measured in the second 
current measuring step, and a second determining step 
for determining whether or not the sample liquid intro- 
duced to the reagent layer is insufficient in amount 
based on the parameter obtained in the second param- 
eter calculating step and at least one second constant 
determined in advance. 

[0027] Preferably, a first series of process steps in- 
cluding the first current measuring step, the first param- 
eter calculating step and the first determining step and/ 
or a second series of process steps including the second 
current measuring step, the second parameter calculat- 
ing step and the second determining step are performed 
respectively a plurality of times. The sample liquid intro- 
duced to the reagent layer is finally determined to be 
insufficient in amount when the sample liquid is deter- 
mined to be insufficient in every first determining step in 
the first series of process steps or in every second de- 
termining step in the second series of process steps. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0028] 

Fig. 1 is a schematic circuit block diagram of a quan- 
titative analyzer using a sensor according to the 
present invention. 

Fig. 2 is a perspective view of the sensor. 

Fig. 3 is an exploded perspective view of the sensor 

shown in Fig. 2. 

Fig. 4 is a flowchart of the analyzing operation by 
the quantitative analyzer shown in Fig. 1 . 
Fig. 5 shows variation with time of the voltage ap- 
plied across a measuring electrode and a counter- 
part electrode and variation with time. of a current 
flowing between the measuring electrode and the 
counterpart electrode. 

Fig. 6 shows variation with time of the current flow- 
ing between the measuring electrode and the coun- 
terpart electrode before the application of voltage 
across the measuring electrode and the counterpart 
electrode is stopped. 

Fig. 7 shows variation with time of the value 1/ 1 after 
the application of voltage across the measuring 
electrode and the counterpart electrode is restart- 
ed. 

Fig. 8 shows the relationship between the value 1/ 1 
and the amount of blood introduced to the reagent 
layer after the application of voltage across the 
measuring electrode and the counterpart electrode 
23 restarted. 



Fig. 9 shows the experimental results using the 
quantitative analyzer shown in Fig. 1 . 
Fig. 10 shows variation with time of the voltage ap- 
plied and variation with time of measured current in 
5 a prior art quantitative analyzer. 

BEST MODE FOR CARRYING OUT THE INVENTION 

[0029] Preferred embodiments of the present inven- 
10 tion will be described below in detail with reference to 
the accompanying drawings. 

[0030] Fig. 1 is a schematic circuit block diagram of a 
quantitative analyzer using a sensor according to the 
present invention. In this embodiment, the quantitative 

15 analyzer is used for measuring the glucose concentra- 
tion in blood. Therefore, the sensor 21 used in this em- 
bodiment is classified as a biosensor. The quantitative 
analyzer includes a CPU (central processing unit) 1, a 
ROM (read only memory) 2, a RAM (random access 

20 memory) 3, an interface circuit 4, a voltage supply circuit 
5, a current measurement circuit 6, an analog/digital 
converter circuit 7, a sensor detection circuit 8, a tem- 
perature sensor 9 and a display 10. The CPU 1, the 
ROM 2, the RAM 3 and the interface circuit 4 are con- 

25 nected to each other through bus lines. The voltage sup- 
ply circuit 5, the current measurement circuit 6, the an- 
alog/digital converter circuit 7, the sensor detection cir- 
cuit 8, the temperature sensor 9 and the display 10 are 
connected to the interface circuit 4. The voltage supply 

30 circuit 5 has a pair of output terminals to which a meas- 
uring electrode 22 and a counter electrode 23 of the sen- 
sor 21 are connected when the sensor 21 is mounted to 
the quantitative analyzer. 

[0031] The CPU 1 controls the entire quantitative an- 

35 alyzer. The ROM 2 stores a program or data for operat- 
ing the CPU 1. The RAM 3 provides the CPU 1 with a 
working area and stores various kinds of data. The in- 
terface circuit 4 controls the communication of the CPU 
1 with the voltage supply circuit 5, the current measure- 

40 ment circuit 6, the analog/digital converter circuit 7, the 
sensor detection circuit 8 , the temperature sensor 9 and 
the display 10. The voltage supply circuit 5 applies a 
predetermined voltage across the measuring electrode 
22 and the counterpart electrode 23 of the sensor 21 

45 under the control of the CPU 1 . The current measure- 
ment circuit 6 measures the current flowing between the 
measuring electrode 22 and the counterpart electrode 
23, i.e. the current supplied from the voltage supply cir- 
cuit 5 to the sensor 21, and outputs a voltage corre- 

50 sponding to the measurement. The analog/digital con- 
verter circuit 7 converts an analog voltage from the cur- 
rent measurement circuit 6 to digital data for supplying 
to the interface circuit 4. The sensor detection circuit 8 
detects that the sensor 21 has properly mounted to the 

55 quantitative analyzer and supplies a detection signal to 
the CPU 1 via the interface circuit 4. The temperature 
sensor 9 detects the ambient temperature of the quan- 
titative analyzer or the temperature of a sample liquid 
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and supplies a detection signal to the CPU 1 via the in- 
terface circuit 4. The display 10 displays various infor- 
mation such as a measurement of glucose concentra- 
tion or an alarm for notifying the insufficiency in blood 
amount on a display surface under the control of the 
CPU 1. 

[0032] Fig. 2 is a perspective view of the sensor 21 . 
Fig. 3 is an exploded perspective view of the sensor 21 . 
The sensor 21 has a laminated structure comprising a 
substrate 24, a spacer 25 and a cover 26. The substrate 
24 has a tip end on the right-hand side of the figures and 
a base end on the opposite side. Each of the spacer 25 
and the cover 26 has a configuration coinciding with the 
substrate 24 at the tip end and is laminated on the sub- 
strate 24 while exposing the base end of the substrate 
24. 

[0033] The measuring electrode 24 and the counter- 
part electrode 23 arranged parallel to each other are 
provided adjacent to the tip end of the substrate 24. The 
measuring electrode 22 is connected to one end of a 
conductor 27. The other end of the conductor 27 ex- 
tends up to the base end of the substrate 24 for expo- 
sure to the outside. A thin insulating layer 29 is formed 
between the substrate 24 and the spacer 25. The insu- 
lating layer 29 is formed with an opening 29a for partially 
exposing the measuring electrode 22 and an opening 
29b for partially exposing the counterpart electrode 23. 
The substrate 24 is provided with a reagent layer 30 
bridging the measuring electrode 22 and the counterpart 
electrode 23 from above the insulating layer 29. The re- 
agent layer 30 contains glucose oxidase and potassium 
ferricyanide. In Fig. 3, the reagent layer 30 is illustrated 
as transparent for showing the portion below the reagent 
layer 30. 

[0034] The spacer 25 is formed with a slit extending 
from the tip end on the right-hand side of the figure to- 
ward the other hand. Between the substrate 24 and the 
cover 26, the slit defines a capillary 31 and an inlet port 
31a for introducing blood as a sample liquid to the rea- 
gent layer 30 by capillary action. The cover 26 is formed 
with an air vent 32. The capillary 31 is in communication 
with the atmosphere through the air vent 32. 
[0035] Fig. 4 is a flowchart of the analyzing operation 
by the quantitative analyzer shown in Fig. 1. Fig. 5 
shows the variation with time of the voltage applied 
across the measuring electrode 22 and the counterpart 
electrode 23 and the variation with time of the current 
flowing between the measuring electrode 22 and the 
counterpart electrode 23 in accordance with the applied 
voltage in the analyzing operation. 
[0036] In Step S1 , the CPU 1 determines whether or 
not the sensor 21 is properly set to the quantitative an- 
alyzer. Specifically, when the sensor 21 is property set 
to the quantitative analyzer, the sensor detection circuit 
8 detects the setting and supplies a detection signal to 
the CPU 1 via the interface circuit 4. Upon receiving the 
detection signal, the CPU 1, which is checking the sup- 
ply of a detection signal from the sensor detection circuit 



8, determines that the sensor 21 is property set. 
[0037] When the sensor 21 is properly set (S1 :YES), 
the CPU 1 measures the temperature of the reagent lay- 
er 30 in Step S2. Specifically, the CPU 1 checks the am- 
5 bient temperature of the quantitative analyzer based on 
a detection signal from the temperature sensor 9 and 
stores the temperature in the RAM 3. If the sensor 21 is 
not properly set in Step S1 (S1 :NO), Step S1 is repeated 
until the sensor 21 is properly set. 
10 [0038] Subsequently, in Step S3, the CPU 1 starts 
sampling. Specifically, the CPU 1 controls the voltage 
supply circuit 5 to apply a predetermined voltage across 
the measuring electrode 22 and the counterpart elec- 
trode 23 . The voltage may be 500mV, for example. Dur- 
15 ing the voltage application, the current measurement 
circuit 6 continues to measure the current flowing be- 
tween the measuring electrode 22 and the counterpart 
electrode 23 and supplies a voltage corresponding to 
the measured current to the analog/digital converter cir- 
20 cuit 7. The voltage from the current measurement circuit 
6 is sampled by the analog/digital converter circuit 7 at 
a predetermined sampling frequency for conversion into 
current data. The CPU 1 takes the current data from the 
analog/digital converter circuit 7 at predetermined time 
25 intervals and stores the data in the RAM 3. 

[0039] Subsequently, in Step S4, the CPU 1 deter- 
mines whether or not blood is introduced to the reagent 
layer 30. Specifically, based on the current data from the 
analog/digital converter circuit 7, the CPU 1 checks 
30 whether or not the cu rrent flowing between the measur- 
ing electrode 22 and the counterpart electrode 23 has 
reached a predetermined threshold value. When the 
blood is introduced to the reagent layer, the current flow- 
ing between the measuring electrode 22 and the counter 
35 part electrode 23 changes due to the reaction at the re- 
agent layer 30. The CPU 1 checks this change. 
[0040] If the blood is introduced to the reagent layer 
30 (S4:YES), the CPU 1 starts a first timer in Step S5. 
As shown in Fig. 5, the first timer is a timer for continuing 
40 voltage application across the measuring electrode22 
and the counterpart electrode 23 for a time period from 
time tQ to time t v The time \q indicates the point of time 
when the blood is introduced to the reagent layer 30. In 
this embodiment, the time period from time ^ to time t t 
45 may be one second, for example. Though not illustrated, 
such a timer is realized by a counter which counts clock 
signals of a predetermined frequency. If the blood is not 
introduced to the reagent layer 30 in Step 4 (S4:NO), 
Step S4 is repeated until the blood is introduced to the 
50 reagent layer 30. 

[0041] In the subsequent Step S6, the CPU 1 deter- 
mines whether or not the amount of blood introduced to 
the reagent layer 30 is insufficient. Specifically, the CPU 
1 searches the electric current data stored in the RAM 
55 3 and determines whether or not the blood amount is 
insufficient based on the following formula (1 ). In the for- 
mula (1), 1(0.0) is the current data i.e. the current value 
at the time to, l(-0.2) is the current data 0.2 second be- 
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fore the time to, and a and b are constants experimen- 
tally determined and stored in the ROM 2 in advance. 
The ROM 2 stores values of the constant b associated 
with the temperatures as a table. The CPU 1 reads the 
temperature data detected by the temperature sensor 9 
from the RAM 3 and reads the constant b from the table 
of the ROM 2 based on the temperature data. That is, 
an appropriate constant b is selectively used depending 
on the temperature variation. If the following formula (1 ) 
holds true, the CPU 1 determines that the amount of 
blood introduced to the reagent layer 30 is insufficient. 

l(0.0)-al(-0.2) < b (1) 

[0042] If it is determined that the blood amount is in- 
sufficient in Step S6 (S6:YES), the CPU 1 determines 
again, in Step S7, whether or not the amount of blood 
introduced to the reagent layer 30 is insufficient. This 
second determination is performed because the current 
flowing between the measuring electrode 22 and the 
counterpart electrode 23 is weak and unstable around 
the time \q. The reliability of determination is ensured by 
the second determination which is performed by contin- 
uing voltage application across the measuring electrode 
22 and the counterpart electrode 23 and continuing the 
current measurement after the time \q. Specifically, the 
CPU 1 searches the current data stored in the RAM 3 
and determines whether or not the blood amount is in- 
sufficient based on the following formula (2). In the for- 
mula (2), 1(0.0) is the current data at the time to, whereas 
1(0.2) is the current data 0.2 second after the time to. 
Thus, the calculation of the formula (2) is performed af- 
ter the current data 0.2 second after the time ^ is ob- 
tained. The values c and d are constants experimentally 
determined and stored in the ROM 2 in advance. The 
ROM 2 stores values of the constant d associated with 
the temperatures as a table. The CPU 1 reads the tem- 
perature data detected by the temperature sensor 9 
from the RAM 3 and reads the constant d from the table 
of the ROM 2 based on the temperature data. That is, 
an appropriate constant d is selectively used depending 
on the temperature variation. If the following formula (2) 
holds true, the CPU 1 determines that the amount of 
blood introduced to the reagent layer 30 is insufficient. 

1(0.2)^1(0.0) < d (2) 

[0043] If it is determined that the blood amount is not 
insufficient in Step S7 (S7:NO), the CPU 1 determines, 
in Step S8, whether or not the time of the first timer is 
up. In this embodiment, the CPU 1 checks whether one 
second has passed from the time to to reach the time t,. 
If the time of the first timer is not up in Step S8 (S8:NO), 
Step 8 is repeated until the time of the first timer is up. 
If the time of the first timer is up (S8:YES), the CPU 1 
controls the voltage supply circuit 5 to intermit the ap- 



plication of voltage across the measuring electrode 22 
and the counterpart electrode 23. 
[0044] If it is determined that the blood amount is not 
insufficient in Step S6 (S6:NO), Step S8 is performed 

5 without performing Step S7. If it is determined that the . 
blood amount is insufficient in Step S7 (S7:YES), the 
CPU 1 displays a warning to notify the insufficiency of 
blood amount at the display surface of the display 10 in 
Step S1 8 and terminates the process. In the case where 

10 the amount of blood introduced to the reagent layer 30 
is determined to be insufficient in Step S7, the measure- 
ment of the glucose concentration is not performed. This 
leads to time saving, because the glucose concentration 
cannot be accurately measured due to the insufficiency 

15 of the blood amount. The warning notifying the insuffi- 
ciency of blood amount is displayed in Step S18 only 
when the blood amount is determined to be insufficient 
in both of Step S6 and Step S7. 
[0045] After the voltage application is intermitted in 

20 Step S9, the CPU 1 starts a second timer in Step S10. 
As shown in Fig. 5, the first timer is a timer for continuing 
the intermission of the voltage application for a time pe- 
riod from time ^ to time t 2 . In this embodiment, the time 
period from time t 1 to time t 2 may be 24 seconds, for 

25 example, and hence, the time period from time \q to time 
t 2 may be 25 seconds. Though not illustrated, the sec- 
ond timer is realized by a counter which counts clock 
signals of a predetermined frequency. In the time period 
of 24 seconds during which the application of voltage 

30 across the measuring electrode 22 and the counterpart 
electrode 23 is intermitted, chemical reaction proceeds 
at the reagent layer 30. As a result, when the time of the 
second timer is up, the preparation for electrochemically 
measuring the glucose concentration in the blood has 

35 been completed. 

[0046] In the subsequent Step S11 , the CPU 1 deter- 
mines whether or not the time of the second timer is up. 
In this embodiment, the CPU 1 checks whether 24 sec- 
onds has passed from the time \, to reach the time t 2 . If 

40 the time of the second timer is not up in Step S11 (S11: 
NO), Step 11 is repeated until the time of the second 
timer is up. If the time of the second timer is up (S11: 
YES), the CPU 1 controls the voltage supply circuit 5 to 
restart the application of voltage across the measuring 

45 electrode 22 and the counterpart electrode 23 in Step 
S12. 

[0047] Next, in Step S13, the CPU 1 determines 
whether or not the amount of blood introduced to the 
reagent layer 30 is insufficient. Specifically, the CPU 1 

50 searches the current data stored in the RAM 3 and de- 
termines whether or not the blood amount is insufficient 
based on the formula (3). In the formula (3), 1(25.5) is 
the current data 25.5 seconds after the time The val- 
ue Al(25.5) is a value obtained by subtracting the current 

55 data 26.0 seconds after the time \q from the current data 
25.5 seconds after the time \q. The value 1(27.5) is the 
current data 27.5 seconds after the time t^ The value 
Al(27.5) is a value obtained by subtracting the cunent 
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data 28.0 seconds after the time Xq from the current data 
27.5 seconds after the time \q. Thus, the calculation of 
the formula (3) is performed after the current data 28.0 
seconds after the time ^ is obtained. The values e and 
f are constants experimentally determined and stored in 
the ROM 2 in advance. The ROM 2 stores values of the 
constant f associated with the temperatures as a table. 
The CPU 1 reads the temperature data detected by the 
temperature sensor 9 from the RAM 3 and reads the 
constant f from the table of the ROM 2 based on the 
temperature data. That is, an appropriate constant f is 
selectively used depending on the temperature varia- 
tion. If the formula (3) holds true, the CPU 1 determines 
that the amount of blood introduced to the reagent layer 
30 is insufficient. 

1(27.5) 1(25.5) f (3) 
Al(27.5) 6 Al(25.5) * 

[0048] If it is determined that the blood amount is in- 
sufficient in Step S1 3 (S1 3:YES), the CPU 1 determines 
again whether or not the amount of blood introduced to 
the reagent layer 30 is insufficient in Step S1 4. This sec- 
ond determination is performed to prevent the blood 
amount from being erroneously determined to be insuf- 
ficient though it is in fact sufficient. Specifically, the CPU 
1 searches the current data stored in the RAM 3 and 
determines whether or not the blood amount is insuffi- 
cient based on the following formula (4). In the formula 
(4), 1(27.5) is the current data 27.5 seconds after the 
time V The value Al(27.5) is a value obtained by sub- 
tracting the current data 28.0 seconds after the time tg 
from the current data 27.5 seconds after the time Xq. The 
value 1(29.5) is the current data 29.5 seconds after the 
time tQ. The value Al(29.5) is a value obtained by sub- 
tracting the current data 30.0 seconds after the time \q 
from the current data 29.5 seconds after the time t^ 
Therefore, the calculation of the formula (4) is performed 
after the current data 30.0 seconds after the time tg is 
obtained. The values g and h are constants experimen- 
tally determined and stored in the ROM 2 in advance. 
The ROM 2 stores values of the constant h associated 
with the temperatures as a table. The CPU 1 reads the 
temperature data detected by the temperature sensor 9 
from the RAM 3 and reads the constant h from the table 
of the ROM 2 based on the temperature data. That is, 
an appropriate constant h is selectively used depending 
on the temperature variation. If the formula (4) holds 
true, the CPU 1 determines that the amount of blood 
introduced to the reagent layer 30 is insufficient 



1(29.5) 1(27.5) 
Al(29.5) 9 Al(27.5) * " 



(4) 



[0049] If it is determined that the blood amount is not 
insufficient in Step S14 (S14:NO), the CPU 1 calculates 
the glucose concentration in the blood introduced to the 
reagent layer 30 based on the electric current data 



stored in the RAM 3. The current data used at that time 
may be the current data 30 seconds after the time t^ In 
the calculation, reference is made to a calibration curve, 
a calibration equation, or a table prepared using these. 
5 Since the calculation is performed similarly to that in a 
conventional quantitative analyzer, detailed description 
thereof is omitted. 

[0050] If it is determined that the blood amount is not 
insufficient in Step S13 (S13:NO), Step S15 is per- 

10 formed without performing Step S1 4. If it is determined 
that the blood amount is insufficient in Step S14 (S14: 
YES), the CPU 1 displays a warning to notify the insuf- 
ficiency of blood amount at the display surface of the 
display 10 in Step S17 and proceeds to Step S15. The 

15 warning notifying the insufficiency of blood amount is 
displayed in Step S17 only when the amount of blood 
introduced to the reagent layer 30 is determined to be 
insufficient in both of Step S13 and Step S14. 
[0051] In the subsequent Step S16, the CPU 1 dis- 

20 plays the glucose concentration obtained by the calcu- 
lation at the display surface of the display 10 and termi- 
nates the process. At that time, the application of voltage 
across the measuring electrode 22 and the counterpart 
electrode 23 has been stopped. In the case where the 

25 blood amount is determined to be insufficient in both of 
Step S13 and Step S14, a warning to that effect is dis- 
played together with the glucose concentration in Step 
S17. 

[0052] Fig. 6 shows the variation with time of the cur- 
30 rent flowing between the measuring electrode 22 and 
the counterpart electrode 23 before the application of 
voltage across the measuring electrode 22 and the 
counterpart electrode 23 is intermitted in Step S9. In Fig. 
6, the abscissa represents time and the ordinate repre- 
35 sents values of current flowing between the measuring 
electrode 22 and the counterpart electrode 23. The point 
0 in the abscissa corresponds to the time \q when the 
introduction of blood to the reagent layer 30 is detected. 
The graph A represents the current variation in the case 
40 where the blood amount introduced to the reagent layer 
30 is sufficient, whereas the graph B represents the cur- 
rent variation in the case where the blood amount intro- 
duced to the reagent layer 30 is insufficient. As is clear 
from Fig. 6, the case where the blood amount is suffi- 
45 cient differs from the case where the blood amount is 
insufficient in current values l(-0.2) which are the values 
of current 0.2 second before the time to and in current 
values 1(0.2) which are the values of current 0.2 second 
after the time to. Therefore, in Step S6 and Step S7 de- 
50 scribed above, whether or not the amount of blood in- 
troduced to the reagent layer 30 is insufficient can be 
properly determined by the formula (1) and the formula 
(2) utilizing the constants a, b and c properly set based 
on experiments. 
55 [0053] Fig. 7 shows an example of variation with time 
of the value l/AI after the application of voltage across 
the measuring electrode 22 and the counterpart elec- 
trode 23 is restarted in Step S12. In Fig. 7, the abscissa 



8 



15 



EP 1 369 684 A1 



16 



represents time and the ordinate represents l/AI. Spe- 
cifically, the abscissa represents the time which has 
passed from the time \q when the introduction of blood 
to the reagent layer 30 was detected. The graph C rep- 
resents the value l/AI in the case where the blood 
amount introduced to the reagent layer 30 is sufficient, 
whereas the graph D represents the value l/Al in the 
case where the blood amount introduced to the reagent 
layer 30 is insufficient. The value l/AI is represented by 
the following formula 5. In the formula 5, l(t) is the value 
of current flowing between the measuring electrode 22 
and the counterpart electrode 23 when t seconds has 
passed from the time tg. 

1 = >(t) (5) 
Al l(t)-l(t+0.5) {0) 

[0054] Fig. 8 shows an example of relationship be- 
tween the value l/AI and the amount of blood introduced 
to the reagent layer 30 after the application of voltage 
across the measuring electrode 22 and the counterpart 
electrode 23 is restarted. In Fig. 8, the abscissa repre- 
sents l(27.5)/Al(27.5), and the ordinate represents I 
(29.5)/Al(29.5). The marks o represent the case where 
the amount of blood introduced to the reagent layer 30 
is sufficient, whereas the marks x represent the case 
where the blood amount is insufficient. As is clear from 
Fig. 8, with the straight line E set as the boundary, the 
amount of blood introduced to the reagent layer 30 is 
sufficient on the upper side of the straight line E, where- 
as the blood amount is insufficient on the lower side of 
the straight line E. The same result as that of Fig. 8 is 
obtained in the case where the abscissa represents I 
(25.5) / Al (25.5) and the ordinate represents I (27.5) /Al 
(27.5). Therefore, in Step S13 and Step S14 described 
above, whether or not the amount of blood introduced 
to the reagent layer 30 is insufficient can be properly 
determined by the formula (3) and the formula (4) utiliz- 
ing the constants e, f and g, h properly set based on 
experiments. 

[0055] In the quantitative analyzing method and the 
quantitative analyzer for realizing the method according 
to the present invention, whether or not the blood 
amount is insufficient is determined using a parameter 
calculated based on the current flowing between the 
measuring electrode 22 and the counterpart electrode 
23. Therefore, by utilizing the determination, it is possi- 
ble to effectively reduce erroneous measurements due 
to the insufficiency of blood as a sample liquid intro- 
duced to the reagent layer 30 of the sensor 21 . In de- 
termining whether or not the blood amount is insuffi- 
cient, the temperature detected by the temperature sen- 
sor 9 is taken into consideration so that erroneous de- 
termination due to the change of ambient temperature 
of the quantitative analyzer can be prevented. 
[0056] After the time tg when introduction of blood to 
the reagent layer 30 is detected, application of a prede- 
termined voltage is continued for one second, for exam- 



ple, till the time t 1t and whether or not the blood amount 
is insufficient is determined using a parameter calculat- 
ed based on the current measured during that period of 
time. Therefore, it is possible to determine early and ac- 

5 curately whether or not the amount of blood introduced 
to the reagent layer 30 is insufficient. 
[0057] The application of voltage to the reagent layer 
30 is intermitted for a predetermined period of time after 
the introduction of blood for promoting the reaction at 

10 the reagent layer 30, and thereafter, a voltage is applied 
across the measuring electrode 22 and the counterpart 
electrode 23 for measuring the glucose concentration. 
Therefore, to detect the insufficiency of blood early to 
avoid useless measuring, it is preferable that the insuf- 

15 ficiency of blood is accurately detected before the period 
of intermission of the voltage application starts. Howev- 
er, the current flowing between the measuring electrode 
22 and the counterpart electrode 23 is small and unsta- 
ble immediately after the time tg, so that accurate detec- 

20 tion of blood insufficiency is difficult if the voltage appli- 
cation intermission period is started at the time \q as is 
in the prior art quantitative analyzer. Specifically, it has 
been conventionally considered that, it is necessary, at 
the time to, to determine only whether or not the blood 

25 is introduced to the reagent layer 30, and a threshold 
value for the determination has been set to a sufficiently 
low level for shortening the total time for the analysis. 
Therefore, since the current flowing between the meas- 
uring electrode 22 and the counterpart electrode 23 is 

30 small and unstable at the time tg, it is difficult to reliably 
obtain accurate determination results when the insuffi- 
ciency in blood amount is determined using only the cur- 
rent value before the threshold value is reached. 
[0058] In this embodiment, however, the application 

35 of voltage across the measuring electrode 22 and the 
counterpart electrode 23 is continued until the time ^ 
after significant time has passed from the time tQ, and 
during that period of time, sufficiency or insufficiency of 
blood is determined using a parameter calculated based 

^0 on the current flowing between the measuring electrode 
22 and the counterpart electrode 23, thereby preventing 
erroneous determination. 

[0059] In this embodiment, two times of determination 
of Steps S6 and S7, and two times of determination of 

45 Steps S1 3 and S1 4 are performed. The amount of blood 
introduced to the reagent layer 30 is finally determined 
to be insufficient only when the blood amount is judged 
as insufficient in both of the two times of determination. 
Therefore, it is possible to reliably prevent the Wood 

50 amount from being erroneously determined as insuffi- 
cient, though sufficient, due to the instability of current 
flowing between the measuring electrode 22 and the 
counterpart electrode 23. 

[0060] In this embodiment, whether or not the blood 
55 amount is insufficient is determined before and after the 
intermission period of voltage application to the meas- 
uring electrode 22 and the counterpart electrode 23. 
Thus, the determination before the voltage application 
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intermission period prevents waste of measuring time. 
Further, the determination after the voltage application 
intermission period prevents the blood amount from be- 
ing finally determined as sufficient by mistake though in 
fact insufficient. 

[0061] An experiment was performed using the 
above-described quantitative analyzer under the condi- 
tions described below. 

[0062] As sample liquid, three aqueous solutions of 
glucose which differ from each other in concentration 
were used instead of blood. The glucose solution of the 
lower concentration contained 54mg/dL of glucose, 1g/ 
L of benzoic acid, and 0.1 g/L of Acid Red. The glucose 
solution of the medium concentration contained 86mg/ 
dL of glucose, 1g/L of benzoic acid, and 0.1g/L of Acid 
Red. The glucose solution of the higher concentration 
contained 286mg/dL of glucose, 1g/L of benzoic acid, 
and 0.1 g/L of Acid Red. The excitation pattern of voltage 
applied across the measuring electrode 22 and the 
counterpart electrode 23, parameters calculated based 
on measured current, and calculation formulae for the 
determination using the parameters used were as those 
in the above-described embodiment. In the experiment, 
fifty sensors 21 were used for each of the glucose solu- 
tions, i.e. that of the lower concentration, that of the me- 
dium concentration, and that of the higher concentra- 
tion. Among the fifty sensors for each glucose solution, 
an insufficient amount of glucose solution was supplied 
to twenty-five sensors and a sufficient amount of glu- 
cose solution was supplied to the remaining twenty-five 
sensors. Herein, the insufficient amount is 1.2-1.5U.L 
and the sufficient amount is 2uL. 
[0063] Fig . 9 shows the experimental results under 
such conditions . Regardless of the difference in glu- 
cose concentration, the probability that the blood 
amount was finally determined to be insufficient when 
an insufficient amount was supplied was 100%, and the 
probability that the blood amount was finally determined 
to be insufficient when a sufficient amount was supplied 
was 0%. Thus, regardless of the difference in glucose 
concentration, erroneous determination was not made. 
[0064] In the present invention, as a parameter for de- 
termining whether or not the amount of blood introduced 
to the reagent layer 30 is insufficient, use may be made 
of a differentiation dl/dt of current instead of the value 
of current flowing between the measuring electrode 22 
and the counter part electrode 23 or the difference I of 
current at a predetermined time. Although whether or 
not the blood amount is insufficient is determined based 
on two values of current measured at different times in 
the above-described embodiment, such determination 
may be made based on a single current value measured 
at a predetermined time. In the above-described em- 
bodiment, the blood amount is finally determined to be 
insufficient only when two times of determining per- 
formed successively indicate that the blood amount is 
insufficient. However, the blood amount may be finally 
determined to be insufficient when a single time of de- 



termining indicates that it is insufficient. Alternatively, 
such determining may be performed successively three 
or more times and the blood amount maybe finally de- 
termined to be insufficient only when the three or more 

5 times of determining indicate that the blood amount is 
insufficient. Although whether or not the blood amount 
is insufficient is determined before and after the period 
during which the application of voltage across the meas- 
uring electrode 22 and the counterpart electrode 23 is 

10 intermitted in the above-described embodiment, such 
determining may be performed either before or after the 
period. In the above-described embodiment, whether or 
not the blood amount is insufficient is determined before 
and after the time ^ before the intermission period of 

15 voltage application. However, such determining may be 
made either before or after the time \q. Further, although 
the voltage application across the measuring electrode 
22 and the counterpart electrode 23 is intermitted during 
the operation of the second timer, a low voltage, which 

20 does not substantially cause current to flow between the 
electrodes, maybe continuously applied. Although a po- 
tential step method is utilized in the embodiment, the 
present invention is not limited to the potential step 
method. Further, although reference is made of the case 

25 in which the sample liquid is blood and the substance to 
be measure is glucose in the embodiment, the present 
invention is not limited thereto. In the embodiment, de- 
tection of the insufficiency of sample liquid is described. 
However, when insufficiency is detected although a suf- 

30 ficient amount of sample liquid is supplied, it is consid- 
ered that the hematocrit or viscosity of the sample liquid 
is high. Such conditions as hematocrit or viscosity of the 
sample liquid can be measured by the present invention. 

35 

Claims 

1. A quantitative analyzing method for electrochemi- 
cally measuring concentration of a substance in a 

40 sample liquid using a sensor including a reagent 
layer which contains a reagent for reacting with the 
substance and to which the sample liquid is intro- 
duced, and a first and a second electrodes for ap- 
plying a voltage to the reagent layer, the method 

45 comprising: 

a current measuring step for applying a voltage 
across the first electrode and the second elec- 
trode for measuring current flowing between 

50 the first electrode and the second electrode; 

a parameter calculating step for calculating a 
parameter based on the measured current; and 
a determining step for determining a state of the 
sample liquid introduced to the reagent layer 

55 based on the parameter and at least one pre- 

determined constant. 

2. A quantitative analyzing method for electrochemi- 
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cally measuring concentration of a substance in a 
sample liquid using a sensor including a reagent 
layer which contains a reagent for reacting with the 
substance and to which the sample liquid is intro- 
duced, and a first and a second electrodes for ap- 5 
plying a voltage to the reagent layer, the method 
comprising: 

a current measuring step for applying a voltage 
across the first electrode and the second elec- w 
trode for measuring current flowing between 
the first electrode and the second electrode; 
a parameter calculating step for calculating a 
parameter based on the measured current; and 
a determining step for determining whether or 15 
not the sample liquid introduced to the reagent 
layer is insufficient in amount based on the pa- 
rameter and at least one predetermined con- 
stant. 

20 

3. The quantitative analyzing method according to 
claim 2, wherein the parameter includes a current 
value of the current flowing between the first elec- 
trode and the second electrode at a predetermined 
point of time. 25 

4. The quantitative analyzing method according to 
claim 2, wherein the parameter includes a differ- 
ence between a first current value at a first prede- 
termined point of time and a second current value 30 
at a second predetermined point of time of the cur- 
rent flowing between the first electrode and the sec- 
ond electrode. 

5. The quantitative analyzing method according to 35 
claim 2, wherein the parameter includes a differen- 
tiation of the current flowing between the first elec- 
trode and the second electrode at a predetermined 
point of time. 

40 

6. The quantitative analyzing method according to 
claim 2, wherein the parameter includes a third dif- 
ference between a first value and a second value 
with respect to the current flowing between the first 
electrode and the second electrode, the first value 45 
being obtained by dividing a current value at a third 
predetermined point of time by a first difference be- 
tween a current value at a first predetermined point 

of time and a current value at a second predeter- 
mined point of time, the third point of time being in- so 
eluded in a period between the first point of time and 
the second point of time, the second value being 
obtained by dividing a current value at a sixth pre- 
determined point of time by a second difference be- 
tween a current value at a fourth predetermined 55 
point of time and a current value at a fifth predeter- 
mined point of time, the sixth point of time being in- 
cluded in a period between the fourth point of time 



and the fifth point of time. 

7. The quantitative analyzing method according to 
claim 2, wherein a series of process steps including 
the current measuring step, the parameter calculat- 
ing step and the determining step is repeated a plu- 
rality of times, the sample liquid introduced to the 
reagent layer being finally determined to be insuffi- 
cient in amount when the sample liquid is deter- 
mined to be insufficient in every determining step. 

8. The quantitative analyzing method according to 
claim 2, wherein the current measuring step is con- 
tinued for a first period from before to after a point 
of time when the introduction of the sample liquid to 
the reagent layer is detected based on the current 
flowing between the first electrode and the second 
electrode, at least a part of the parameter being cal- 
culated based on the current measured in the first 
period. 

9. The quantitative analyzing method according to 
claim 7, wherein the series of process steps includ- 
ing the current measuring step, the parameter cal- 
culating step and the determining step is repeated 
an optional number of times after the sample liquid 
is introduced to the reagent layer and before and/ 
or after a second period during which current is not 
substantially caused to flow between the first elec- 
trode and the second electrode. 

10. The quantitative analyzing method according to 
claim 2, wherein at least part of said at least one 
constant is varied depending on a temperature of 
the sample liquid. 

1 1 . A quantitative analyzer for electrochemically meas- 
uring concentration of a substance in a sample liq- 
uid using a sensor including a reagent layer which 
contains a reagent for reacting with the substance 
and to which the sample liquid is introduced, and a 
first and a second electrodes for applying a voltage 
to the reagent layer, comprising: 

voltage applying means for applying a voltage 
across the first electrode and the second elec- 
trode; 

current measuring means for measuring cur- 
rent flowing between the first electrode and the 
second electrode; 

calculating means for calculating a parameter 
based on the measurement obtained by the 
current measuring means; and 
determining means for determining a state of 
the sample liquid introduced to the reagent lay- 
er based on the parameter obtained by the cal- 
culating means and at least one predetermined 
constant. 
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12. A quantitative analyzer for electrochemically meas- 
uring concentration of a substance in a sample liq- 
uid using a sensor including a reagent layer which 
contains a reagent for reacting with the substance 
and to which the sample liquid is introduced, and a 
first and a second electrodes for applying a voltage 
to the reagent layer, comprising: 

voltage applying means for applying a voltage 
across the first electrode and the second elec- 
trode; 

current measuring means for measuring cur- 
rent flowing between the first electrode and the 
second electrode; 

calculating means for calculating a parameter 
based on the measurement obtained by the 
current measuring means; and 
determining means for determining whether or 
not the sample liquid introduced to the reagent 
layer is insufficient in amount based on the pa- 
rameter calculated by the calculating means 
and at least one predetermined constant. 

13. The quantitative analyzer according to claim 12, 
wherein the calculating means calculates a current 
value of the current flowing between the first elec- 
trode and the second electrode at a predetermined 
point of time as at least a part of the parameter. 

14. The quantitative analyzer according to claim 12, 
wherein the calculating means calculates a differ- 
ence between a current value at a first predeter- 
mined point of time and a current value at a second 
predetermined point of time of the current flowing 
between the first electrode and the second elec- 
trode as at least a part of the parameter. 

15. The quantitative analyzer according to claim 12, 
wherein the calculating means calculates a differ- 
entiation of the current flowing between the first 
electrode and the second electrode at a predeter- 
mined point of time as at least a part of the param- 
eter. 

16. The quantitative analyzer according to claim 12, 
wherein the calculating means calculates, as at 
least a part of the parameter, a third difference be- 
tween a first value and a second value with respect 
to the current flowing between the first electrode 
and the second electrode, the first value being ob- 
tained by dividing a current value at a third prede- 
termined point of time by a first difference between 
a current value at a first predetermined point of time 
and a current value at a second predetermined 
point of time, the third point of time being included 
in a period between the first point of time and the 
second point of time, the second value being ob- 
tained by dividing a current value at a sixth prede- 



termined point of time by a second difference be- 
tween a current value at a fourth predetermined 
point of time and a current value at a fifth predeter- 
mined point of time, the sixth point of time being in- 
5 eluded in a period between the fourth point of time 
and the fifth point of time. 

17. The quantitative analyzer according to claim 12, 
wherein a combination of operations performed by 

10 the current measuring means, the calculating 
means and the determining means is repeated a 
plurality of times, the sample liquid introduced to the 
reagent layer being finally determined to be insuffi- 
cient in amount when the determining means deter- 
15 mines that the sample liquid is insufficient at every 
repetition of the combined operations. 

18. The quantitative analyzer according to claim 12, 
wherein the current measuring means operates for 

20 a first period from before to after a point of time 
when the introduction of the sample liquid to the re- 
agent layer is detected based on the current flowing 
between the first electrode and the second elec- 
trode, the calculating means calculating at least a 
25 part of the parameter based on the current meas- 
ured in the first period. 

19. The quantitative analyzer according to claim 12, 
wherein a combination of operations performed by 

30 the current measuring means, the calculating 
means and the determining means is repeated an 
optional number of times after the sample liquid is 
introduced to the reagent layer and before and/or 
after a second period during which current is not 
35 substantially caused to flow between the first elec- 
trode and the second electrode. 

20. The quantitative analyzer according to claim 19, 
wherein the determining means varies at least part 

40 of said at least one constant depending on a tem- 
perature of the sample liquid. 

21 . A quantitative analyzing method for electrochemi- 
cally measuring concentration of a substance in a 

45 sample liquid using a sensor including a reagent 
layer which contains a reagent for reacting with the 
substance and to which the sample liquid is intro- 
duced, and a first and a second electrodes for ap- 
plying a voltage to the reagent layer, the method 
so comprising: 

a first current measuring step for applying a 
voltage across the first electrode and the sec- 
ond electrode for a first period for measuring 
55 current flowing between the first electrode and 

the second electrode; 

a sample liquid introducing step for introducing 
the sample liquid to the reagent layer within the 
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first period; 

a first parameter calculating step for calculating 
a parameter based on the current measured in 
the first current measuring step; 
a first determining step for determining whether 5 
or not the sample liquid introduced to the rea- 
gent layer is insufficient in amount based on the 
parameter obtained in the first parameter cal- 
culating step and at least one first constant de- 
termined in advance; 10 
a reaction promoting step for substantially in- 
termitting voltage application across the first 
electrode and the second electrode for a sec- 
ond period; 

a second current measuring step for applying 1$ 
a voltage across the first electrode and the sec- 
ond electrode for a third period for measuring 
current flowing between the first electrode and 
the second electrode; 

a second parameter calculating step for calcu- 20 
fating a parameter based on the current meas- 
ured in the second current measuring step; and 
a second determining step for determining 
whether or not the sample liquid introduced to 
the reagent layer is insufficient in amount based 25 
on the parameter obtained in the second pa- 
rameter calculating step and at least one sec- 
ond constant determined in advance. 

22. The quantitative analyzing method according to 30 
claim 21 , wherein a first series of process steps in- 
cluding the first current measuring step, the first pa- 
rameter calculating step and the first determining 
step and/or a second series of process steps includ- 
ing the second current measuring step, the second 35 
parameter calculating step and the second deter- 
mining step are repeated respectively a plurality of 
times, the sample liquid introduced to the reagent 
layer being finally determined to be insufficient in 
amount when the sample liquid is determined to be *o 
insufficient in every first determining step in the first 
series of process steps or in every second deter- 
mining step in the second series of process steps. 
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